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Scaevola plumieri L. is one of the major primary dune
colonisers on the eastern seaboard of southern Africa,
and plays a vital role in dune stabilisation in this dynam-
ic environment. Little is known about the reproductive
biology of this species. The genetic diversity of popula-
tions of Scaevola plumieri within its South African range
was examined using Inter Simple Sequence Repeats
(ISSR). Genetic profiles from individual plants from 16
populations were generated. These were used to calcu-
late pairwise genetic distances between individual sam-
ples. UPGMA analyses based on 104 polymorphic
bands revealed 40 genotypes, and showed that all pop-
ulations were genetically distinct from each other.
Character compatibility analysis indicated that there
was little evidence of a clonal habit, and splits tree
analyses indicated horizontal patterns of diversity, sug-
gesting that populations are reproducing sexually
between dunes. It was concluded that individual isolat-
ed dunes usually comprise individual plants or clones,
but reproduction between dunes and populations was
of a more sexual nature. Genetic data confirm observa-
tions of very low establishment rates of S. plumieri
seedlings; seedlings typically succumb to desiccation,
over-wash and burial. Despite low dispersal and subse-
quent establishment rates the plants are abundant and
cover vast areas of dunes along the east coast, and
results obtained here suggest that each individual or
vegetatively produced genet can become very large.
In an environment such as prograding coastlines, primary
colonisers play a major role in the stabilisation and succes-
sional stages involved in the formation and growth of dynam-
ic dune fields. Along the eastern coastline of southern Africa,
sandy coastlines are usually pioneered by a suite of three
species: Scaevola plumieri (L.) Vahl., Ipomoea pescaprae
(L.) R. Br. and Arctotheca populifolia (Berg. T. Norl.). These
three species have received considerable attention in the
Eastern Cape region of South Africa, including studies on
their ecophysiology, reproductive output and growth and sur-
vival strategies (Ripley 2001). S. plumieri is thought to be one
of the major (if not key) species involved in the colonisation
of South African dunes (Ward 1960). Each shoot grows pre-
dominantly from an apical bud and branching occurs when
stems become buried by wind borne sand. Stems produce
adventitious roots as they are buried. The end result is a
large ‘under-ground trunkless tree’ with only the tips of the
‘branches’ emerging above the sand surface (Ripley 2001).
In summer the plants flower and then fruit, producing a large
number of drupes (10–15mm in diameter) that ripen to a
deep purple. All fruits have fallen from the plants by March.
Dispersal commences when the fruits fall from the parent and
roll to the lowest position on the dune. Fruits that roll to the
front of the dune may get washed into the sea and dispersed
considerable distances by ocean currents. We are not aware
of any study on ocean-borne disseminules along the South
African coastline, but studies elsewhere in the world indicate
that seeds do drift across oceans (see for example Hacker
1990 and Smith et al. 1990). However, even in species that
have specific adaptations to oceanic dispersal, such as man-
groves, successful trans-oceanic dispersal is seemingly rare.
For example, Dodd et al. (2002) used AFLP fingerprinting to
demonstrate that populations of Avicennia germinans L. from
the west Pacific, west and east Atlantic are distinct, and that
(in the case of the transatlantic dispersal) migration rates are
very low.
Various authors have made generalisations about charac-
teristics of early successional species. Loveless and
Hamrick (1984) consider that early successional species are
characterised as weedy, short-lived, often annual plants with
wind-dispersed or zoochorous seeds that show dormancy,
hermaphroditic flowers, autogamy, anemophily or ento-
mophily, and capable of vegetative reproduction. These
traits permit colonising species to exploit open, early suc-
Introduction
South African Journal of Botany 2002, 68: 532–541 533
cessional habitats. However, many of these generalisations
do not hold for most cases of primary colonisation.
Nonetheless, one of the main themes that predominates
across the large variety of strategies and forms of colonisers
is a uniparental mode of reproduction such as self-fertilisa-
tion, agamospermy or clonal propagation (Gray 1993). In
plants, asexual reproduction can take on the forms of vege-
tative reproduction or apomixis. Clearly, S. plumieri does not
possess all the above traits, and many aspects of its repro-
ductive biology are unknown. The possibility of vegetative
reproduction in S. plumieri is likewise undocumented. It cer-
tainly produces subterranean branches, but whether these
separate to form new individuals is unknown. Apomixis in S.
plumieri is also unknown but could include self-fertilisation or
agamospermy (where a diploid embryo sac develops by the
somatic division of a nucleus or integument cell; no meiosis
takes place so the diploid sporophyte gives rise directly to a
diploid gametophyte). While both forms of reproduction lead
to the dispersal of individuals, sexual reproduction is much
more important in the generation and maintenance of genet-
ic diversity, and is thus integral in the evolutionary process
(Brookfield 1992, Mes 1998, Van der Hulst et al. 2000).
Clonal reproduction leads to characters being inherited in a
hierarchical manner, with no mechanism for characters to be
transferred from one germ line to another. Any variability in
a completely clonal population will be the direct result of
mutations from the original (parental) state, and would thus
be hierarchical and can be represented using a treelike illus-
tration. A sexually reproducing population on the other hand
poses several problems. Characters can be inherited both in
a hierarchical manner and a reticulate manner in the event
of outcrossing germ lines. This can often create problems
when it comes to analysing the relationships between indi-
viduals, as most current techniques focus on representing
these data in a hierarchical manner (Mes 1998).
Although Scaevola plumieri is a primary coloniser and
thus falls into the category of plants that are likely to possess
some uniparental mode of reproduction, it also possesses
large white zygomorphic flowers with nectar. The white flow-
ers of S. plumieri would, according to classic pollination biol-
ogy texts, be indicative of moth or butterfly pollination. Many
of its close relatives have dark blue to purple flowers, which
suggests a Hymenopteran pollinator (Faegri and Van der Pijl
1979). While Hymenoptera and Lepidoptera would be the
predicted pollinators, Trevelyan (1995) showed that
Stephen’s Lory (Vini stepheni), a bird endemic to Henderson
Island in the South Pacific Ocean, foraged mainly on
Scaevola plumieri’s putative sister species, S. taccada. Thus
the possibility that birds may be pollinators of S. plumieri
cannot be ruled out.
Observation suggests that S. plumieri, following a relatively
rare seedling establishment event, colonises local habitats
vegetatively. Established plants produce substantial quantities
of seeds that may be important for the colonisation of new and
possibly distant sand-dune habitats. Should such observa-
tions be correct, then certain patterns of genetic diversity are
likely to have resulted. Hence the following questions were
asked about the genetic diversity of S. plumieri: 
1 How far does a single plant or ‘clone’ spread (is a single
dune a single plant)? As this species grows on deep (more
than three metres) foredune sand, it is impossible to deter-
mine how large an individual is, and how far the under-
ground parts spread. Should an individual-specific finger-
print be obtained, it would be possible to determine the
size of an individual in a non-destructive manner using
DNA fingerprinting techniques.
2 Is Scaevola plumieri an apomict or an out-crossing
species? Sexual reproduction would result in greater
genetic diversity within a population (in contrast to
apomictic or clonal species), and one would expect indi-
vidual plants to be genetically distinct.
3 What is the extent of the genetic variation between indi-
viduals (possibly an entire dune), and populations (dune
fields along the coastline)? Not all the coastline comprises
a suitable beach environment. Extensive rocky shores and
headlands create natural disjunctions (see Figure 1). If
oceanic dispersal was rare or did not occur, it would be
anticipated that a phylogeographic analysis based on
genetic data could provide an indication as to whether
these disjunctions are sufficient to reproductively isolate
populations either side of them.
Inter Simple Sequence Repeat (ISSR) fingerprinting was
chosen as the most suitable method to assess the genetic
diversity of S. plumieri. ISSR and other fingerprinting tech-
niques can be used in the analysis of overall genetic diversity
and in determining the reproductive methods of various
species (Goodwin et al. 1997, Wolfe et al. 1998, Muluvi et al.
1999, Russel et al. 1999). Various techniques of data analysis
that can be applied to ISSR data include analysis of molecular
variance (AMOVA, Russel et al. 1999), calculating and plotting
values of genetic distance (Muluvi et al. 1999) and analyses of
allele frequencies. However, in the latter application, fingerprint
type data mask homozygous bands, thus requiring the estima-
tion of allele frequencies based on assumptions of Hardy
Weinberg Equilibrium (Russel et al. 1999).
Genetic distance matrices can be used in a number of dif-
ferent ways. Generally, they can be plotted in simple
Neighbour-Joining or UPGMA trees, which arrange the vari-
ous genotypes detected in a hierarchical manner. However,
this does not take into account the fact that relationships
between individuals in a fertile population are often not hier-
archical, but reticulate in nature. There are two methods that
avoid a hierarchical representation of relationships at the
level of individual and populations: character compatibility
(Mes 1998) and split decomposition graphs (Hollingsworth
et al. 1998). The former technique tests whether data in a
matrix is arranged in a hierarchical manner (and thus suited
to being depicted in a ‘tree’ format). A consequence of this is
that it can be used as a diagnostic test for clonal (hierarchi-
cal) versus sexual (reticulate) reproduction. Clones would be
characterised by a set of unique and clone-specific muta-
tions, as mutually compatible characters (characters that are
not in conflict) and may represent asexual connections
between different individuals. However, genetic exchange
would result in incompatibility. As pointed out by Mes (1998),
split decomposition graphs can be used for a range of
molecular markers, including RAPDs, AFLPs, RFLPs and
isozymes and increased confidence in the results may be
obtained when similar results are obtained from a range of
techniques applied to the same samples. Van der Hulst et al.
(2000) applied this technique to AFLP data from triploid
apomictic populations of Taraxacum officinale Weber and
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showed that, despite an asexual mode of reproduction, sex-
ual recombination had also contributed to the genetic varia-
tion at the study sites.
In cases where compatibility analysis indicates that sexu-
al reproduction may be occurring, the split decomposition
method can be used to represent the possible (reticulate)
links between individuals using measures of genetic dis-
tance. This method is a network method that divides the data
sets or ‘splits’. When splits are incompatible a loop is used
to indicate alternative splits (Posada and Crandall 2001).
The split decomposition method has been used in studies on
organisms ranging from viruses (Holmes et al. 1999) to flow-
ering plants (Hollingsworth et al. 1998). The latter study
employed the technique to demonstrate pollen-mediated
introgression of RAPD and ISSR markers of a hybrid
species of Fallopia Adans. into populations of two male-ster-
ile species.
Materials and Methods
Sampling
Sampling was carried out at 14 sites throughout the South
African distribution range of Scaevola plumieri as shown in
Figure 1, and detailed in Table 1. Samples consisted of
duplicate leaf disks cut with the lid of a 1.5ml Eppendorf
tube. With one exception, at least five samples were taken
from dunes at each locality. In order to address the first aim
of this study (determining the size and spread of a single
plant), 10 samples were taken randomly within three dunes
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Figure 1: The distribution range of Scaevola plumieri in South Africa based on locality records from accessions housed in the National
Herbarium (PRE) as recorded in the PRECIS database, as well as from collections housed in the Selmar Schönland Herbarium (GRA) and
the Natal Herbarium (NH), with additional data from field work and aerial photographs collated by Peter (2000). The names and positions of
sampling sites are shown on the enlarged portion of the map. Arrows point to disjunctions in the otherwise largely uninterrupted distribution;
a = Tsitsikama rocky coastline, b = Algoa Bay dune field, c = rocky Wild Coast. Numbers in parentheses behind locality names indicate the
group in which the population is placed in the UPGMA analysis (Figure 2)
at the Old Woman’s River site. At the remaining sites, sam-
ples were collected comparatively locally. Therefore at these
sites, it is possible that a single or few plants were sampled
a number of times. Samples from all sites except those in
KwaZulu-Natal were initially stored in liquid N2, after which
they were transferred to 1.5ml Eppendorf tubes containing
approximately 1ml of a saturated NaCl:CTAB buffer accord-
ing to the Rogstad’s (1992) protocol for field preservation of
leaf samples. Samples from the northern sites in KwaZulu-
Natal were collected and stored directly in this buffer.
Samples were kept at -20°C until extraction.
Isolation of genomic DNA
Duplicate DNA extractions were carried out using a modified
CTAB extraction protocol as follows: the leaf disks were
ground in 500μl CTAB extraction buffer containing 1% PVP
(polyvinyl pyrillidone) and incubated at 37°C for 24h.
Subsequently 500μl cold CHCl3 was added, the mixture was
shaken lightly for two minutes and centrifuged at 10 000rpm
for two minutes. The supernatant was collected, ice-cold iso-
propanol added, and the DNA pelleted following an
overnight incubation at -20°C. The resulting pellet was
washed in 70% ethanol, dried at 37°C overnight and resus-
pended in 500μl TE buffer. The extracts were run on 1%
agarose gels and stained with Ethidium Bromide and pho-
tographed using a Polaroid® instant camera to check for the
presence of genomic DNA. These extractions were then
tested for optimal replicable banding at four template DNA
concentrations. Template DNA concentration was optimised
using primer 888 of the ‘UBC set 9’ group of ISSR primers
(http://www.biotech.ubc.ca/naps) with template volumes of
0.2μl, 0.4μl, 1.0μl and 2.0μl per reaction being used. 
PCR conditions
All PCRs were carried out in sterile 96 well plates, with a
total reaction volume of 10μl per well. As initial experiments
showed that a template volume of 0.2μl produced the best
banding profiles, this volume was subsequently used in all
PCR reactions. Each reaction thus consisted of 0.2μl tem-
plate, 1μl of the 10X reaction buffer (160mM (NH4)2SO4,
670mM Tris-HCl, 0.1% Tween 20, pH 8.8), 2mM MgCl2,
200μM dNTPs, 0.2mM oligonucleotide primer, 2% for-
mamide, and 0.5 unit of Taq DNA polymerase. Reaction vol-
umes were made up to 10μl reaction volume using Sigma®
Tissue Culture Water. All reactions were overlaid with 20μl
mineral oil to prevent evaporation. Reactions were carried
out in Hybaid® OmnE® thermal cycler. All PCRs, unless oth-
erwise stipulated, consisted of 30 cycles of 90s denaturation
at 94°C, 45s annealing at 55°C and 45s extension at 72°C,
followed by a single 5min 72°C extension cycle. Subsequent
to PCR 2μl of tracking dye were added to each well, and the
plates stored at 4°C until electrophoresis.
Primer optimisation
Primer selection and optimisation was carried out to screen
for primers suitable for the present study. Nine primers were
chosen from the UBC set 9 of ISSR primers
(http://www.biotech.ubc.ca/naps) for an initial study of suit-
ability. Primers were chosen to represent a variety of differ-
ent classes, with the microsatellite sequence, anchor orien-
tation (5’ or 3’), anchor length, anchor sequence and degree
of anchor degeneracy being varied. Table 2 lists the primers
that were screened, with the first four being based on the AG
repeat (reportedly the second most frequent combination
detected in plants) and the last five on the less frequent AC
repeat (Morgante et al. 1998). 
A second stage in the primer optimisation process
involved primer duplexing with the hope that a combination
of primers would generate an increased number of bands,
thus increasing resolution. The following primer combina-
tions were used in this part of the primer screening:
848+834; 848+841; 848+888; 841+888; 841+834; 841+891;
891+811; 891+812. Once the best primers or primer combi-
nations were chosen, band profiles were generated for all of
the samples in the study. To test for reproducibility, duplicate
PCR reactions using the duplicate DNA extractions were
carried out for each sample.
Electrophoresis and silver staining
Three microlitres of the PCR product were electrophoresed
on 6% acrylamide gel (acrylamide: N,N’-methylenebisacry-
lamide, 30:1) under denaturing conditions containing 3%
Urea (found by Zietkiewicz et al. (1994) to improve band res-
olution). Gels were electrophoresed for approximately 4–6h
at 50–60W on a preheated Sequi-Gen® GT Nucleic Acid
Electrophoresis Cell (Bio-Rad) in TBE buffer. Visualisation of
the bands was carried out using the Promega® Silver Staining
Kit. 
Data analysis
The original gels were used in the scoring of the data, the
gels were air-dried and archived by photocopying and scan-
ning. Gels were scored as follows: initially, omnipresent
bands were selected at the top and bottom of each gel to
serve as a reference point to ensure the identity of each
band was maintained. All of the reproducible bands between
these lower and upper fragment size limits were scored in
Table 1:. List of sample sites, numbers of samples taken, and
abbreviations used in this study
Locality Number of Samples Abbreviation used
(dunes) in figures
Arniston 5 Arnst
Witsand 5 Wtsnd
Jongersfontein 5 Jngftn
Bothastrand 6 Btstrnd
Wilderness 6 Wldrns
Buffelsbaai 6 Bffbaai
Keurboomstrand 6 Keurb
Nature’s Valley 6 NatVal
Paradys Beach 5 Parad
Jeffreys Bay 6 JBay
Port Alfred 2 PrtAl
Old Woman’s River 3 (x 10 samples / dune) OWR i – OWR iii
Southbroom 6 Sthbrm
Durban 6 Dbn
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terms of their presence (1) or absence (0). Bands were only
counted if they were present in both of the duplicate PCR
reactions. Bands were also classified into separate intensity
categories (1 — very bright [possibly homozygous]; 2 —
bright; 3 — faint; and 4 — very faint). Different intensity
scores were used for analysis, as the lower intensity bands
are sometimes considered to be inaccurate, due to stochas-
tic events rather than repeatability of the PCR reaction
[http://www.biosci.ohio-state.edu/~awolfe/ISSR/ISSR.html,
10/03/2000].
Genetic distance
Two data sets were analysed: a) the full data set, b) a sub-
set that excluded the faintest bands (categories 3 and 4,
above). For each data set, the RAPDISTANCE PC software
(Armstrong et al. 1996) was used to calculate Nei’s genetic
distances (Nei and Li 1979) between each of 100 individuals
(the sample number limit of the program). As 104 individuals
had fragment profiles generated for them, four individuals
with identical profiles were removed to allow for this limit.
The NEIGHBOR program from PHYLIP95 (Felsenstein
1993) was used to generate a UPGMA (Unweighted Pair
Group Method using Arithmetic Means) tree from this matrix.
TREEVIEW 1.5 (Page 1998) was then used to visualise the
resulting tree as rectangular trees. One thousand bootstrap
replicates were done using Nei’s genetic distance and the
UPGMA tree-building algorithm, as implemented in PAUP
(Swofford 2000).
Character compatibility analysis
The software PICA95 (Wilkinson 1995) was used to analyse
the probability of character compatibility (the probability that
data fit into a series of hierarchical splits, thus implying the
absence of sexual reproduction between individuals; Mes
1998). The data set used for this part of the analysis con-
sisted of a reduced data set in which replicated profiles had
been removed, as the program can only deal with a maxi-
mum of 40 samples.
Splits graph analysis
In an attempt to display possible reticulations represented
by the distance data, the program SPLITSTREE 3 (available
from: ftp://ftp.uni-bielefeld.de/pub/math/splits; Huson 1997)
was used to generate weakly resolved splits decomposition
graphs. These graphs do not restrict the distance data to a
single tree format, but rather contain parallel splits in the
branches joining each sample such that the distance
between each sample is represented by the shortest route
along these parallel splits (Huson 1997).
Results
Primer optimisation
Only two of the primers screened, namely 888 and 891 (the
two 5’ anchored primers), produced in excess of 30 bands.
All other primers tested either did not produce any bands at
all (e.g. 812 and 848), or produced very few bands (<20),
with repeatability between duplicate extractions being unac-
ceptably low. The duplexing of primers within PCR reactions
led to an increase in the number of fragments within each
profile. However, these increased numbers were not accom-
panied by an increase in the proportion of replicable bands,
indicating that this ‘mixing’ of primers generally does not lead
to an increase in acceptable resolution, most likely because
of stochastic events during initial stages of the PCR.
The use of primers 888 and 891 resulted in a total number
of 104 bands being scored. The full data set revealed a total
of 40 genotypes (different fragment profiles), while the sub-
set of bright bands revealed 19 genotypes within the S.
plumieri individuals sampled. It must be remembered that all
the scored bands were considered reproducible; the subset
of bright bands represents a highly conservative interpreta-
tion of the data.
Genetic diversity and band exclusion
Nei’s genetic distances ranged from approximately 0.003 to
0.3. The analyses based on all bands (Figure 2) placed indi-
viduals into discrete population, dune and locality groupings
at the terminals of the trees. All populations receive good
bootstrap support, and some populations (such as
Southbroom, Wilderness and Jeffreys Bay) have moderate-
ly supported substructuring of samples from these localities.
The analysis restricted to the subset of data comprising the
brightest intensity bands was less resolved, and failed to dif-
ferentiate between the samples from Wilderness and
Buffelsbaai, as well as samples from Port Alfred and two of
the dunes from the Old Woman’s River sites (approximately
30km apart). Bootstrap support values were similar or slight-
ly reduced, suggesting that the removal of the faint bands
did not improve support for relationships between popula-
tions (nodes deeper in the UPGMA tree), and resulted in a
loss of resolution at the level of population and below. A
summary tree of this analysis (including bootstrap support
values) is shown in the insert in Figure 2.
As noted above, the exclusion of bands of lower intensity
stems from the concern that faint bands are a result of sto-
chastic processes. However, it must be noted that only bands
that were consistently obtained from different extractions of
the same sample were considered. Thus even the faintest
bands probably represent meaningful data (not stochastic
Table 2: The orientation, Simple Sequence Repeat and anchor
sequences of the nine primers used in screening for genetic diver-
sity in Scaevola plumieri. (Parentheses indicate degenerate bases
occurring in equal proportions in the primer)
UBC set 9 Primer No. Repeat Sequence Anchor 3’ or 5’
811 GA C 3’
812 GA A 3’
834 AG (CT)T 3’
841 GA (CT)C 3’
848 CA (AG)G 3’
856 AC (CT)A 3’
857 AC (CT)G 3’
888 CA (CGT)(AGT)(CGT) 5’
891 TG (ACT)(ACG)(ACT) 5’
Figure 2: The UPGMA tree showing the relationships of the 41 S. plumieri genets resolved by the complete data set (all bands) from ISSR
fingerprinting with UBC set 9 primers 888 and 891. Scale bar indicates Nei’s genetic distance, D. The vertical bars at the side of the figure
represent four groups of populations (see text for discussion). The framed insert shows a reduced or summary UPGMA tree obtained when
the faint bands were excluded from the analysis. Bootstrap values from 1 000 replicates are shown on both trees
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processes), and the exclusion of the fainter bands in the sec-
ond analysis is probably removing signal (and not noise arte-
facts) from the data. This loss of information results in the
decreased resolution in the second analysis, which reduces
samples from geographically close sites into polytomies,
even when bootstrap support for some of these area rela-
tionships based on the full data set is moderate (60% boot-
strap support for the Buffelsbaai and Wilderness populations,
which collapsed in the analysis of the reduced data set).
Character compatibility analysis
The analysis of character compatibility between all of the
Scaevola plumieri individuals sampled indicated that only six
of the 48 parsimony informative characters (characters
shared by two or more samples) are compatible within the full
data set at a 95% confidence interval, and another eight at
90% confidence interval. This means that 78.3% of the char-
acters generated in this analysis are incompatible. The major-
ity of the bands present are thus not compatible with a hierar-
chical system of classification of the relevant individuals. This
means that between the individuals studied there was little
chance of a direct transfer of genes from parent to daughter
plant without introgression resulting from sexual reproduction
(Mes 1998). This implies that within Scaevola’s South African
distribution sexual reproduction is potentially possible.
Splits graph analysis
The splits tree is shown in Figure 3. This tree shows that the
genetic distances within some populations, in particular
those of the Southbroom and Durban sites, can be repre-
sented in a hierarchical, treelike format. The remaining sam-
ples and populations cannot be restricted to a hierarchical
system and can better be represented by a series of parallel
splits, with the distance between individuals being along the
shortest path.
Discussion
Most of the populations were represented by single
Scaevola genotypes, and when differences existed, they
were generally smaller within sample sites than between.
Using all bands in the analysis resulted in many of the indi-
viduals within populations differing by a minimum distance of
0.003, corresponding to the presence or absence of a single
band. The exclusion of the faintest bands resulted in the col-
lapse of many of these distances to zero. The exclusion of
faint bands thus has big effects upon the results of the analy-
sis, discussed further below.
Genetic diversity and phylogeography of Scaevola
The geographic distribution of the samples can be largely
correlated to the phenetic groupings shown in Figure 2.
These groupings (also shown in Figure 1) are:
Group 1: a northern group comprising populations from
Southbroom and the genetically uniform Durban sample.
Group 2: two populations near the southern limit of the dis-
tribution (Jongersfontein, represented by one genotype and
Bothastrand, represented by two genotypes). This group
interrupts the range of the following group.
Group 3: a large group of southerly sample sites including
the southern limit of Scaevola’s current distribution, Arniston,
neighbouring Witsand, and then the more central
Buffelsbaai and Wilderness populations, and one of the Old
Figure 3: A splits graph analysis of a subset of the full data set. Owing to software limitations, all duplicate (identical) fingerprint profiles were 
excluded to allow the resolution of the various links within the tree
Woman’s River dunes (Dune I).
Group 4: A central group of samples including all individuals
collected from Keurboom Strand to Old Woman’s River
(excluding the Old Woman’s River dune sample that fell
within Group 3).
In the analysis of the subset of bright bands only, the com-
position of the four groups recognised above changes, and
some populations show remarkable re-arrangements (sum-
marised to population level in the insert in Figure 2). For
example, the position of the Arniston samples (previously
Group 3) are now shown to be most similar to the Durban
samples (Group 1), and the Bothastrand samples (Group 2)
are now associated with elements of Group 4 (Nature’s
Valley). Furthermore, the removal of the faint bands changes
the relationships of the three well-sampled dunes from Old
Woman’s River. Both analyses show that two of the Old
Woman’s River dunes (Dunes II and III) are genetically sim-
ilar and part of the central group (Group 4), whilst Dune I is
genetically distinct from the other Old Woman’s dunes. The
full data set resolves Dune I as related to populations from
the southern most distribution (Group 3), but upon removal
of the faint bands, samples from Dune I are shown to be
associated with the Bothastrand (Group 2) and Nature’s
Valley (Group 4; Figure 2). These results (along with the
generally poor bootstrap support for deeper nodes in the
tree) suggest that any phylogeographic interpretation is lim-
ited. Nonetheless, what is of relevance is the fact that both
analyses resolve the Old Woman’s River Dune I samples as
genetically different from the Dune II and III samples. This
indicates that, at this site at least, there is substantial genet-
ic diversity, possibly as a result of long distance seed dis-
persal and subsequent establishment. For this reason, we
base the following discussion on the analysis of the full data
set. However, as noted above, the character compatibility
analysis suggests that the data are not suited to a hierarchic
classification (such as UPGMA used here), further weaken-
ing any phylogeographic interpretation. 
The reticulate nature of the data makes the use of a splits
graph analysis to indicate relationships valid. It must, how-
ever, be noted that this analysis is based on a reduced num-
ber of samples (duplicate profiles have been removed). This
graph (Figure 3) illustrates that only the genetic distances
within the Southbroom population can be restricted to a hier-
archical treelike structure, but that a hierarchical tree cannot
adequately represent the relationships between the other
samples. The parallel splits seen between the
Jongersfontein, Nature’s Valley, Witsand and Bothastrand
indicate that these sample sites are genetically too similar to
each other (as a result of reticulation) to be placed onto a
hierarchical, highly resolved tree. It is interesting to note that
these populations are scattered throughout the UPGMA
tree, appearing in groups 2, 3 and 4 (Figure 2), further indi-
cating how misleading the apparent phylogeographic struc-
ture suggested by the UPGMA analysis could be. The paral-
lel splits between these populations are also an indication
that genetic exchange between these populations is, or has
in the past, taken place, a conclusion in agreement with the
results of the character compatibility analysis (Huson 1997,
Hollingsworth et al. 1998, Posada and Crandall 2001).
Thus, any phylogeographic interpretation based on the
hierarchical distance trees is limited, and even the four
groups suggested here (Figure 2) may not be valid entities.
The disjunctions in the distribution of Scaevola (Figure 1),
especially the southern disjunction between Nature’s Valley
and Paradys Beach (the extensive rocky coast of the
Tsitsikama National Park, labelled ‘a’ in Figure 1) do not
appear to act as a real barrier to gene flow (probably mediat-
ed by oceanic seed dispersal), as populations to the west
and east of this divide show some genetic affinities with each
other. Similarly, the disjunction at Algoa Bay (part of the gap
between Jeffreys Bay and Port Alfred, labelled ‘b’ in Figure 1)
does not act as a barrier. The Algoa Bay gap may, however,
be artificial, as botanical sampling along this inhospitable
stretch of coast (incorporating the very large Alexandria dune
field) may be insufficient to accurately document the full dis-
tribution of Scaevola. However, it must be noted that the dis-
tribution data shown in Figure 1 is based on herbarium
records, fieldwork and examination of aerial photographs of
selected stretches of the coastline, especially those regions
with few herbarium records. These data are thus considered
to be quite accurate (Peter 2000). However, these records do
not take the longer-term historical distributions into account;
plants may have once been found in sites where they no
longer exist. Since Scaevola is a relatively long-lived plant,
genetic similarity between two areas does not necessarily
mean that gene flow is still occurring. Genetic information
also reveals historical patterns of colonisation.
The third disjunction, the Wild Coast on the northeastern
coast of the Eastern Cape (labelled ‘c’ in Figure 1), compris-
es extensive rocky headlands with only small sand bays at
river mouths. There is only one record of Scaevola from this
otherwise uninterrupted interval along this part of the coast.
This rocky coastline may be sufficiently large to act as a bar-
rier for genetic exchange, as the northern populations
(Durban and Southbroom) are shown to be isolated from the
remaining samples in the analysis of the full data set (Figure
2). The splits graph analysis (Figure 3) does, however, indi-
cate that the Durban and Southbroom populations fit a hier-
archical tree, and so this disjunction and the genetic isola-
tion of these two populations shown in Figure 2 might be the
only real phylogeographic pattern displayed by these data. 
Is oceanic dispersal of Scaevola seeds likely?
It would be tempting to assume that the south-westerly
movement of the Agulhas current would bring seeds south-
wards from the northern populations. However, local eddies
and counter currents in the Agulhas current have been doc-
umented, and it is possible that in certain areas this current
flows in other directions, even north against the main current
(Lutjeharms and Roberts 1988, Lutjeharms and Valentine
1988, Duncombe 1991, Largier et al. 1992). Furthermore,
the main Agulhas current is a considerable distance off-
shore, and surface flow closer inshore is determined to a
large extent by the prevailing winds (Lutjeharms 1998,
Lutjeharms et al. 1986). Between Port Elizabeth and
Durban, these winds blow in either direction parallel to the
coast (i.e. northeast and southwest) for at least 50% of the
year, although there is some seasonal variability (Schumann
and Martin 1991). It is thus theoretically possible that seeds
could be dispersed in either direction along the coast
according to wind direction.
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The seeds of Scaevola are capable of withstanding peri-
ods of at least six months in seawater (Guppy 1917, Ridley
1930), and seeds germinate readily following a long incuba-
tion period. Assuming oceanic dispersal does occur, germi-
nation and successful establishment must take place before
the plant is able to reproduce. However, preliminary data
suggest that seedling establishment (at least at the Old
Woman’s River site) is infrequent (Balarin 1996, Knevel
2001). Threats to seed and seedling survival are numerous.
Louda and Zedler (1997) reported predation of seeds in the
closely related Scaevola taccada, and Ripley (unpublished)
documents desiccation as a major threat to survival. Both
the UPGMA and splits tree analyses suggest that different
plants (dunes) at the Old Woman’s River site are more sim-
ilar to plants from other sites than to each other (Figures 2
and 3). This may be viewed as evidence supporting seed
dispersal and subsequent establishment. This trend is
reduced somewhat when faint bands are excluded, but even
then the data suggest that samples from one of the Old
Woman’s River dunes have genetic affinities with more dis-
tant populations (insert in Figure 2). Thus, while the intro-
duction of novel genetic variation via oceanic dispersal of
seeds and subsequent establishment could be an excep-
tionally rare event, these data suggest that it is possible, and
might even be quite frequent when viewed in the context of
the probably quite long life span of these plants.
Composition of single dunes
The 10 samples taken from each of three dunes at Old
Woman’s River are shown to group with each other in dune-
specific clusters (Figure 2). However, only Dune I was
monomorphic, suggesting that all ten samples came from a
single plant. Dune III, and particularly Dune II, show evidence
of genetic diversity, indicating the possibility that a single
dune comprises more than one plant (Figure 2). In the case
of Dune II, there are a total of nine genotypes, indicating nine
possible plants in a single dune. When the faint bands are
excluded from the analysis, all dunes become monomorphic,
and Dunes II and III are indistinguishable, and include the
Port Alfred samples (insert in Figure 2). Interestingly, it was
noted during sample collection that Dune II was substantially
larger than the other two dunes sampled. These genetic data
thus agree with observations in that dunes can comprise any-
thing from one to three (or possibly more) individuals
(Pammenter 1983). Many plants per dune could either be as
a result of favourable establishment conditions allowing
numerous seedlings to establish, or an established individual
producing seed sexually, which subsequently successfully
establish close to the adult, introducing the genetic variability
detected here. This latter scenario obviously excludes the
possibility that Scaevola is apomictic. 
Breeding system of Scaevola
Genetic variation, both within dunes and between dunes at
various localities, cannot conclusively show that Scaevola is
not clonal beyond a single dune. However, only eight of the
14 localities showed genetic diversity among the samples
from within each site; the other sites were monomorphic,
suggesting that Scaevola may be locally clonal, and the pos-
sibility of apomixis cannot be ruled out. However, the result
of the character compatibility analysis shows that the finger-
print data are not compatible with a hierarchical classifica-
tion, suggesting that the data structure is a result of sexual
reproduction. An alternative explanation rests with the pos-
sibility that at the time of sampling plants were sampled from
a single or few dunes, thus not adequately representing the
diversity at each site. 
The further clarification of this aspect of Scaevola’s repro-
ductive strategy requires a much more detailed study that
should draw on data from crossing experiments, embryolo-
gy and perhaps detailed fingerprinting of parents and off-
spring to show paternity and maternity.
Conclusion
This study has shed considerable light on the genetic diver-
sity and reproductive biology of Scaevola plumieri. The use
of ISSR fingerprint data in this study suggests that dunes are
not always colonised by individual plants, although this gen-
erally seems to be the case. The ISSR data indicate that
there is considerable genetic diversity between populations
of Scaevola plumieri, and that this diversity is not structured
in a completely hierarchical manner that would be expected
if the populations were apomictic or clonal. Samples from
each locality are often identical in their genetic make up, but
there appears to be only limited correlation between geo-
graphic distribution and genetic similarity. Assuming the data
to be hierarchical, this result would imply that long distance
oceanic seed dispersal does take place, and that the dis-
junctions in the distribution of this species do not form real
barriers to gene flow. However, bootstrap and other support
for an unequivocal phylogeographic interpretation is lacking.
Finally, in contrast to theoretical predictions about the repro-
ductive biology of colonising species, the data suggest that
Scaevola plumieri favours sexual reproduction rather than a
clonal habit. 
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